Purpose: Distribution network plays a vital role on the efficiency and the responsiveness of a supply chain. Any product or service goes through a network until it reaches the final customer. Health care systems incorporate distribution networks to better provide health services to patients. In this study, a distribution network for communicable diseases has been developed. The proposed network addresses Hepatitis A in Jordan as a case study, as it is considered one of the common communicable diseases in Jordan.
Summary
Purpose: Distribution network plays a vital role on the efficiency and the responsiveness of a supply chain. Any product or service goes through a network until it reaches the final customer. Health care systems incorporate distribution networks to better provide health services to patients. In this study, a distribution network for communicable diseases has been developed. The proposed network addresses Hepatitis A in Jordan as a case study, as it is considered one of the common communicable diseases in Jordan.
Findings: A regression model was developed to predict future incidents of Hepatitis A in Jordan to build a distribution network based on the future required resources. An optimization clustering model was used to structure the appropriate distribution network. The proposed network was compared with the current network used for distribution of medications for Hepatitis A.
Conclusion:
The new network incurs less cost in delivering medications to the required hospitals as the traveling distance is less. As future work, it is recommended to incorporate more communicable diseases to develop more realistic distribution network. 
| INTRODUCTION
Successful companies manage their supply chain according to market needs so that their goods reach the market on time and at a reasonable cost. Cooperation in any company not only affects the working environment or decisionmaking but also affects customers and suppliers. 1 A supply chain is a process consisting of sequential steps or a set of activities, starting with the supplier and ending at meeting the customer request. The goal of a supply chain is to increase the net value as much as possible, which means that the difference between the final product price and cost (profit) must be maximized. 2 This research proposes the design of a distribution network for communicable diseases (health care systems) and addresses Hepatitis A in Jordan as a case study. The proposed network is concerned with addressing the required resources for communicable diseases. The main objective of the network is to be able to distribute the required drugs to patients at different hospital locations from certain drug distribution centers.
Hepatitis is a disease that affects the ability of the liver to perform its functions. There are five types: A, B, C, D, and E. Hepatitis A is caused by hepatitis A virus (HAV). The symptoms of this disease range from simple to complex, and most of the symptoms do not appear until a few weeks after viral transmission. The symptoms are as follows: yellow skin and eyes; fatigue; clay-colored bowel movements; loss of appetite; abdominal pain or discomfort, especially in the area of the liver on the right side beneath the lower ribs; low-grade fever; dark urine; joint pain; nausea; and vomiting. According to the World Health Organization, HAV is one of the most common types of diseases transmitted by food, with 1.5 million cases of this disease recorded annually worldwide. This expected demand is essential to plan for the required resources to control the spread of Hepatitis A. The resources address drugs required to treat HAV.
| BACKGROUND
Supply chain management (SCM) is essential to enhance the profitability and productivity of any organization. The drivers that determine the performance of an organization's supply chain come in two groups: logistic drivers (facilities, inventory, and transportation) and cross-functional drivers (information, sourcing, and pricing). To achieve the goal of a supply chain that is balanced between efficiency and responsiveness, an organization must find the best combination between the cross-functional and the logistic drivers. 4, 5 Distribution networks in a supply chain are all steps that are performed to move a product from the supplier to the customer. During the design of distribution networks, two main issues should be identified. The first is to know if the product will be delivered to a customer's site or if the customer will pick it up. The other issue is to determine if the product will pass directly to the final stage or if it will go through intermediate sites. The distribution network is considered a critical stage in the design of a supply chain. 2, 6 A distribution network consists of all steps taken to move, store, and deliver the product from the supplier to the customer. It is a part of a supply chain for different products and services, such as computers, cars, transport services, education services, and health care services. A health care system is currently considered a complex system, as it includes several parties integrated together to accomplish the required functions and provide the appropriate service to customers (patients). 7, 8 A health care supply chain (as other supply chain systems) needs to be efficient and to have a reasonable level of responsiveness (supply chain strategy). In supply chains, efficiency is related to the cost that is incurred through § Research interest: health care management, optimization
different stages in a supply chain, while responsiveness is a measure that is related to the time spent to respond to customer orders. The required level of efficiency and responsiveness in a health care supply chain can be achieved by designing a good distribution network. 9 A list of the most commonly used distribution network designs has been compiled from the literature and real-life cases. Other network designs may be generated through a combination of two or more of the available networks that best suit a required competitive strategy. According to Chopra and Meindl, 2 the distribution networks are as follows:
1 Manufacturing storage with direct shipping (drop shipping): products are directly shipped from the manufacturer to the customer, and the order comes from the customer to the retailer and then to the manufacturer. This network is suitable for low demand and high value products; its benefit is greater when aggregation from different retailers takes place.
2 Manufacturer storage with direct shipping and in-transit merge: when a customer orders products from different manufacturers, a distribution center combines parts of the order from different manufacturers and ships them together to the customer.
3 Distributor storage with package carrier delivery: products are stored at a distributor stage and shipped to a customer using a package carrier.
4 Distributor storage with last-mile delivery: products are stored at a distributor stage and delivered to customers using a last mile delivery strategy.
5 Manufacturer/distributor storage with customer pickup: customers place orders to retailers that send orders to a manufacturer. Products are stored at a manufacturer or a distributor, which ships the order to locations for customer pick-up.
6 Retail storage with customer pickup: goods are stored at retail stores, and customers need to visit the retailer to obtain their order.
Distribution networks are evaluated with respect to customer service components and other cost elements. The components of customer service include response time, product availability, product variety, customer experience, time-to-market, order visibility, and returnability. 4 The different types of costs that are incurred in a distribution network are inventory cost, transportation cost, facilities cost, and information infrastructure cost. A well-designed supply chain plays an important role in providing customers with the required demand, focusing on efficiency at reasonable cost. In health care systems, using the appropriate supply chain will help achieve a proper workflow and will positively affect the economic side.
On the other hand, Kontio et al 12 stated that the increasing number of patients and cost of their treatment, the diversity of diseases, and the increasing demand on health care systems are all challenges facing health care systems that create the need for continuous resource planning. Arya 13 developed a concept originating from the need to reduce the cost of high-technology health care sectors such as dental implants. They analyzed a process flow chain for health care products from the production of raw material to the delivery to patients and applied high technology means for dental implant processes. Kim 14 developed two systems to improve work in pharmacies. The first system suggested improving material handling efficiency, which is a supply chain management application. The other one was to control the inventory with an online system that enabled information sharing with the hospital, which helped to reduce the inventory more than 30%. Moreover, Nagurney et al 10 modeled a multiproduct supply chain system used in the health care sector. The model enables determination of the optimal capacity of multiple activities, of the optimal flow for these activities, and of the minimum total cost of the demand.
Iyengar et al 15 analyzed the results of a new hepatitis C treatment in many cities to determine whether these costs can be tolerated. They calculated and compared the costs and prices of the new treatment in 30 cities. They found that the differences in taxes on supply chain prices between cities is the reason for differences between retail prices in pharmacies. Dhankhar et al 16 studied the effectiveness of two methods of vaccination for HAV protection in the United States and compared them using projected cost in 2013, quality-adjusted life year, and cost effectiveness.
The first method was the universal routine HAV vaccination, and the other was a regional policy of vaccination for children living in regions of high occurrence of HAV. Universal routine vaccination was found to be more effective in preventing additional infections.
It is obvious that there is a lack of literature in the field of supply chain distribution networks for health care systems. This research proposes a design for a distribution network in the field of health care systems for communicable diseases using Hepatitis A in Jordan as a case study.
| METHODOLOGY
The proposed methodology is shown in Figure 1 . Data for communicable diseases (such as Hepatitis A) are gathered from different locations depending on the nature of the variable. According to the literature, the most significant variables affecting communicable diseases are weather variables (temperature, rain, humidity, wind speed), hygiene variables (quality of water), and other variables (growth rate of per capita income, water supply per capita, population density, annual inflation rate).
Considering the factors influencing communicable disease incidence, a linear regression model is developed to predict future incidents that are important for future resource planning, especially if there is an increase in the predicted incidence compared with current ones. A distribution network is proposed for those resources in need to
The proposed methodology steps
| CASE STUDY: HAV IN JORDAN
If there is no strategy to treat or limit the number of incidents, then communicable diseases can spread easily, and case numbers can increase. The strategy proposed in this study is a distribution network that focuses on drug distribution to incidents (at hospitals) from certain drug warehouses. HAV disease cases in Jordan make this study very important as an introduction to awareness programs to control the increase in future cases. This study can be expanded to cover communicable diseases other than HAV.
| Data gathering
Hepatitis A in Jordan was used to implement the proposed methodology, as the Jordan Ministry of Health (MOH) has considered HAV as the communicable disease with the highest incidence for several years. The incidence data of HAV from 1985 to 2016 are shown in Table 1 . Data for 2017 are not available, as the MOH needs time to aggregate the data from different health service providers.
According to the literature, the following factors may be related to the spread of HAV:
• Population: population growth has a high impact on all aspects of life, especially for communicable diseases.
• Rainfall volumes: climate is an important factor affecting human life, and the spread of some diseases is related to certain climate conditions; for example, whenever rainfall is delayed, the spread of infectious diseases increases. 17 Historical data for rainfall were obtained from the Jordan Department of Statistics (DOS) and the Jordan meteorological department.
• Water supply per capita: drinking water is subject to treatment to remove pathogenic contaminants. However, contamination of water supplies can occur even after treatment. These pollutants are transmitted to individuals through contaminated water and cause the spread of diseases. Data about water supply per capita (liter/day) were obtained from DOS reports.
• Growth rate per capita income: studies indicate that deterioration of the economic situation contributes to the spread of diseases. Thus, infectious diseases are more widespread in poor countries than in rich ones. The rate of growth in the annual per capita income of gross domestic product was used in this study to represent the economic variable. 
| Multiple linear regression analysis
Collected data were analyzed using MINITAB 16 software. Applying stepwise regression with alpha to enter and remove equals 0.15, the significant factors among all factors introduced that contribute to HAV incidence (with highest p-value) were population, growth rate of per capita income, per capita water supply (liter/day), and rainfall volume.
Once the contributing factors were determined, linear regression analysis was conducted on the data using Minitab 16 software. The ANOVA table for regression analysis is shown in Table 2 . The P-value for the model is 0, and the R-square value is 83%. The residual plots of HAV are shown in Figure 2 . The figure shows normal probability for residuals of the regression model.
The linear regression equation is given by
HAV cases ¼ −328 − 194 population þ 17:5 water supplied per capita − 33:8 growth rate of per capita income − 3:08 rainfall:
To make predictions using this equation, it is necessary to predict future values for variables in the equation
(forecasting was undertaken for the next 5 years, 2017-2021). The predicted incidence of HAV for those 5 years is illustrated in Table 3 . The population density was predicted from DOS, while the growth rate of per capita income was calculated using growth rate of per capita income
where GDP is a gross domestic product using DOS reports.
Water supply per capita was based on DOS reports, and rainfall volume was obtained from the Jordan metrological department. The predicted incidence of HAV from 2017 to 2021 is shown in Table 4 . It is obvious that there is a reduction in the number of incidents each year. Accordingly, it is assumed that the current resources are sufficient in treating and controlling HAV.
Jordan consists of 12 governorates. The HAV incidence data were not available for all years, so the regression model was built according to the aggregated values of HAV incidence. For the 12 governorates, HAV incidence data were available for 2015. It was assumed that the percentage of the governorate incidence from the total incidence of HAV remains constant. Using this assumption, future predicted incidence was distributed over the 12 Jordanian governorates, as shown in Table 5 .
| Design of distribution network
The distribution network is designed according to the nature of the health care supply chain, which requires responsive service with reasonable cost. Table 6 shows a guideline to design an appropriate distribution network based on the performance of the previously mentioned networks on factors such as demand type and response level. The boxes in the figure that contain +2 refer to a very suitable network for the corresponding factor, and the boxes that contain −2 mean that the network is very unsuitable for the corresponding factor. The number 0 indicates a neutral effect of the distribution network on the corresponding factor. Achieving a high level of responsiveness and efficiency in the delivery of HAV drugs in Jordan from the supplier to the customer was the main objective of the proposed network model.
The case study used in this research has the following characteristics:
• Demand of HAV drugs is between medium and low. Therefore, the +1 rank was assigned to medium and low demand corresponding networks. • HAV drugs are neither expensive nor cheap; hence, the neutral rank was appropriate, corresponding to distributor storage with last-mile delivery.
• The response time needs to be quick, corresponding the best to retail storage. Distributer storage with last-mile delivery is suitable as well.
• Neutral product variety is sufficient, as the variety of HAV drugs is low.
• As the drugs need to be delivered to customers, the customer effort should be minimum, corresponding to distributer storage with last-mile delivery.
Two models should be considered to address the requirements of an HAV drug distribution network: distributor storage with last mile delivery and distributor storage with package carrier delivery. Combining both networks results in a new network that is called "Distributor storage with last mile and package carrier delivery". Transportation can be tailored to the size of the customer in case there are high differences in demand between customers.
| Analysis and validation of new distribution network design
The Ministry of Health in Jordan delivers medicines from its main warehouses to three distribution centers in Jordan (in Irbid, Zarqa, and Ma'an). To apply the new proposed network, an optimization model for the clustering of hospital to the distribution centers is proposed. Currently, the clustering is based on geographical location: all hospitals in North Jordan are supplied from the warehouse in Irbid, the Zarqa warehouse covers the demands of the middle region, and hospitals in the southern region are supplied by the warehouse in Ma'an. Figure 3 shows the currently used clusters of warehouses and hospitals on a map of Jordan. The optimization model is used to recluster the hospitals into optimum clusters with the new proposed distribution network. The optimization model is shown below:
Minimize c (3) Subject to:
where. y i : maximum distance served by center i.
The objective of this model is to minimize the maximum distance served by all centers (minimize c), subject to the requirements that the maximum distance served by the center i (i = 1,2,3 since there are only three centers of distribution) must be higher than all distances from that center to its hospitals (y i ≥ d ij x ij ) and that the maximum traveled distance served by all centers should be higher than the maximum distance served by every center (c>y 1 , c>y 2 , c>y 3 ).
The model was solved using the CPLEX optimization package.
Each hospital is assigned to one of three distribution centers to obtain drugs for their patients. Each distributor will go directly to the nearest hospital to the distribution center, then will go to the next nearest one, then to the next nearest, and so on until all hospitals are visited. The distributor will then return to the warehouse, as shown in Figure 4 . To validate the proposed model, it was compared with the one currently used by applying the nearest node algorithm.
The total traveled distance for each distribution center for the proposed and current clusters are illustrated in used model (1592.12 km). This means a lower cost and more responsive network. Thus, the proposed model will be more efficient in the delivery of drugs than the current system.
| CONCLUSION AND FUTURE WORK
Because of the need to provide products with high efficiency and short timeframes in the health care sector, supply chain management issues are essential. A supply chain network model was proposed in this study to deal with these problems.
Currently, medications are delivered from ministry of health storage sites to hospitals randomly or depending on the nearest distance. Therefore, this study suggests a method of delivering drugs to hospitals in a certain way to achieve a lower total traveling distance. The proposed distribution network, called "Distributor storage with last mile and package carrier delivery", is a combination of two distribution networks. The proposed method was applied to
Hepatitis A in Jordan. The model helps reduce the traveled distances from three ministry of health centers to hospitals and thereby reduce time and cost. Hepatitis A was selected since it has the highest rate of incidence in Jordan among communicable diseases. The proposed network and model was built based on the predicted incidence of Hepatitis A using a multiple linear regression model. It was found that population density, per capita per water supply, and growth rate per capita income were significant factors on the predicted model. The incidence for the next 5 years was predicted.
For future consideration, it is recommended to implement the proposed model to other communicable diseases.
Additionally, implementing the model practically on a small-scale unit as a pilot for better evaluation could be helpful.
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